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Introduction
The financial crisis of 2008-9 forced many governments in developed countries to adopt expansionary fiscal policies with the aim of boosting the economy (Castro, 2010; Cimadomo et al., 2010; Agnello and Schuknecht, 2011; Agnello and Sousa, 2011, 2012; Cimadomo, 2012) , and ultimately developed into a sovereign debt crisis. As concerns about long-term sustainability started mounting and government bond yields began hitting record levels, the shift from stimulus to austerity was not surprising: fiscal consolidation programmes were quickly designed and restrictive fiscal packages were put in place.
These events have generated among both policy-makers and academics a lively debate on the role of fiscal adjustments as stabilizing tools, as well as the apparent lower degree of synchronization of business cycle (Rafiq and Mallick, 2008; Mohsin, 2007, 2010) . Countries under financial stress and struggling to restore their public finances via consolidation measures appear to have no alternative but to pay the price of creating a recessionary environment (at least, in the short term). On the other hand, countries that managed to avoid fiscal austerity seem to be weathering better in terms of economic performance. This raises a number of questions on the impact of fiscal adjustments on business cycle synchronization. Specifically, do fiscal consolidation programmes lead to decoupling? What are the effects of fiscal stimulus episodes on the synchronization of business cycles? Are fiscal adjustments implemented by a single country more likely to result in de-synchronized business cycles (i.e. to reduce the correlation of the cyclical component of economic activity across countries) than programmes that are simultaneously adopted by different countries?
It is well known that countries may face asymmetric shocks (such as exchange rate or wage shocks) and that similar shocks (such as food price and oil price shocks) may have asymmetric effects. When these asymmetries are partially offset by fiscal adjustments, then fiscal consolidation/stimuli measures can lead to an increase in the synchronization of business cycles among countries. However, if fiscal policy procyclicality (Gavin and Perotti, 1997; Lane, 2003; Kaminsky et al., 2004; Aguiar et al., 2005) and changes in the institutional or the political background make sizeable fiscal adjustments unavoidable, then consolidation/stimulus programmes can be associated with a fall in business cycle synchronization. Thus, the nature of relationship between fiscal adjustments and business cycle synchronization is essentially an empirical issue.
Its investigation with a suitable econometric framework is the aim of the present paper.
Our analysis is related to various other studies on the determinants of business cycle synchronization. In particular, Artis (2008) shows that as the process of international trade deepens, regional business cycle affiliations are superseded by wider business cycle clubs.
1 Engel (1999, 2003) find that floating exchange rates protect the domestic economy from foreign monetary shocks (the so-called "insulation" effect). Baxter and Kouparitsas (2005) conclude that the degree of bilateral trade between a pair of countries has a robust effect on business cycle synchronization.
Araújo and Oliveira Martins (2009a Martins ( , 2009b show that the deep fall in economic activity during the so-called "Great Recession" largely reflected the "Great Synchronization" of trade flow declines across countries. Kose et al. (2003 Kose et al. ( , 2012 and Imbs (2006) emphasize that countries with closer financial ties tend to have more synchronized business cycles. Darvas and Szapáry (2000) do not find a significant impact of the exchange rate regime on capital flows across countries. Darvas and Szapáry (2008) examine business cycle synchronization in the new EU members of Central and Eastern Europe and the euro zone countries. They show that, despite the dramatic improvement in the correlation of the cyclical components of GDP, industrial production and exports among the new EU members, the degree of synchronization of private consumption with the euro zone countries remained low. Flood and Rose (2010) argue that business cycles in countries targeting inflation are only slightly synchronized with foreign ones.
We contribute to this literature by assessing the impact of fiscal adjustments on business cycle synchronization, an issue that, to the best of our knowledge, has not been investigated yet or for which somewhat related research is still at a seminal stage. Fatás and Mihov (2003) show that fiscal policy discretion leads to macroeconomic instability, while Kose et al. (2003) argue that fiscal policy amplifies country-specific idiosyncrasy, and Lane (2003) finds a positive link between output volatility and pro-cyclical fiscal policy. Fatás and Mihov (2006) conclude that budgetary restrictions reduce fiscal policy volatility and, therefore, fluctuations in economic activity. Darvas et al. (2005) highlight that the business cycles of countries with similar government budget positions move more closely. Thus, fiscal divergence i.e. deviations from a fiscally responsible behavior, creates idiosyncratic shocks and is associated with lower business cycles 1 Zhang (1997, 1999) and Artis (2004) detect an 'European business cycle' since the early eighties. Artis et al. (2011) study the behaviour of the international business cycle across advanced and emerging market economies and find evidence of a secular increase in international business cycle synchronization within a group of European and a group of English-speaking economies.
synchronization. More recently, Agnello and Sousa (2013a) stress that fiscal prudencei.e. a low and stable public deficit -is essential for achieving economic prosperity, while Agnello and Sousa (2013b) suggest that more political instability (in the form of a signal of an incoming government crisis) increases the likelihood of fiscal policy discretion. Agnello et al. (2013a) emphasize that fiscal variables (such as the budget deficit and the level of public debt) and economic factors (such as the degree of openness, the inflation rate, the interest rate and per capita GDP) are crucial for the fiscal consolidation process. Agnello et al. (2013b) find evidence that fiscal fatigue may compromise the implementation and successfulness of fiscal consolidation programmes.
They conclude that chronic fiscal imbalances might lead to a vicious austerity cycle, while fiscal discipline is a means of achieving credible and shorter adjustments. Agnello et al. (2013a Agnello et al. ( , 2013b also suggest that there is a potential trade-off between short-term (crowding-in) and medium-term (crowding-out) effects of discretionary changes in fiscal policy, especially, during periods of crises.
In this paper we identify fiscal consolidation/stimulus programmes using a statistical framework based on Alesina and Ardagna (2010), and thus correct the primary surplus for year-to-year changes in the unemployment rate. Therefore, changes in fiscal variables should reflect policymakers' decisions to change tax rates and spending levels, once they are cyclically adjusted.
Using a panel of annual data for 20 countries, we show that fiscal consolidation (stimulus) episodes implemented by a single country (i.e. unilateral fiscal consolidation/stimulus programs) do not significantly impact on business cycle synchronization. By contrast, fiscal consolidation (stimulus) measures that are adopted by both countries (i.e. synchronized fiscal consolidation/stimulus programs) make their business cycles behave more closely, especially, in the case of episodes that last 2-3 years.
Our findings are robust across different techniques to compute the deviations of the business cycle from the trend, such as the Baxter-King band-pass filter and growth detrending. Moreover, they are qualitatively and quantitatively similar whether we focus on fiscal adjustments with an exact duration in years or use a more flexible approach that considers fiscal adjustments lasting at least a specific number of years over the 5-year window periods.
Further, the results provide little evidence of decoupling when an inflation targeting regime is adopted unilaterally. However, there is an increase in business cycle synchronization when both countries fix their exchange rates and when countries become members of a monetary union. Finally, we uncover a positive effect of bilateral trade on business cycle synchronization.
The paper is organised as follows. Section 2 describes the econometric methodology and presents the data. Section 3 provides the empirical results. Section 4 concludes.
Empirical Methodology
In order to explore the empirical relationship between business cycle synchronization and fiscal adjustments, we use a panel dataset consisting of 20 countries and estimate the following model using a Fixed-Effects (FE) estimator: X is a vector of control variables, which includes the degree of bilateral trade between countries i and j and the log distance between countries i and j (Baxter and Kouparitsas, 2005; Flood and Rose, 2010) .
We also account for the effect of fiscal stimuli on business cycle synchronization. To that end, the dummy variables Cons(1) and Cons(2) are replaced with the dummy variables Stim(1) and Stim(2), which take the value of one if one or both countries have adopted fiscal stimuli packages for m consecutive years within the five-year non-overlapping window. Therefore, we run the following panel-data regression using a Fixed-Effects (FE) estimator:
We identify fiscal consolidation programmes and fiscal stimulus episodes using a statistical approach based on the work of Alesina and Ardagna (2010). More specifically, a fiscal consolidation (stimulus) episode corresponds to a year in which the cyclically-adjusted primary balance improves (deteriorates) by at least 1.5% of GDP. Flood and Rose (2010) . Finally, fiscal consolidation (stimulus) episodes are identified using data from the OECD's Economic Outlook.
Empirical Results

Fiscal consolidation programmes
We start our investigation of the impact of fiscal adjustments on business cycle synchronization by considering fiscal consolidation episodes that last exactly 1 year, 2 years, 3 years and 4 years over the 5-year window period under analysis. 3 For each experiment, we provide two sets of results: (i) one for the model without control variables; and (ii) another one where we add bilateral trade and the log distance to the set of regressors. Tables 1 and 2 summarize the empirical findings using a measure of business cycle synchronization based on the Baxter-King de-trending and growth detrending, respectively.
Given that the focus of our paper is on the relationship between fiscal adjustments and business cycle synchronization, we pay particular attention to the dummy variables, Cons(1) and Cons(2), which capture the implementation of unilateral and synchronized fiscal consolidations, respectively. Concerning unilateral fiscal consolidation episodes, overall the results do not point to a significant impact on business cycle synchronization. By contrast, when both countries implement fiscal consolidation measures (i.e. in the case of synchronized fiscal consolidations), the empirical findings suggest stronger business cycle synchronization. Indeed, the estimated coefficient for Cons (2) is statistically significant and large, especially for episodes lasting 2 or 3 years.
Turning to the effects of inflation targeting on business cycle synchronization, our results corroborate the findings of Flood and Rose (2010) , who find little evidence of a significant impact. Specifically, there is little support for weakly synchronized business cycles resulting from only one country adopting inflation targeting (IT (1) As for the effect of membership of a monetary union, the results are in accordance with the economic theory suggesting that a common monetary policy is associated with an increase in the degree of synchronization of business cycles.
Interestingly, while both MU(1) and MU(2) are statistically significant, the coefficients associated with the latter are substantially larger i.e. business cycle synchronization is stronger when both countries are members of a monetary union.
Finally, when looking at the control variables, we find that bilateral trade makes business cycles significantly more synchronized, while an increase in the distance among countries only weakly reduces business cycle synchronization.
[ INSERT A potential limitation of the previous estimates is the fact that only fiscal consolidation programmes with an exact duration in years are considered. For instance, within the 5-year window periods examined, the percentage of unilateral fiscal consolidation episodes that lasted exactly 1 and 3 years was 14.33% and 23.29%.
respectively; for synchronized fiscal consolidation episodes the corresponding percentages are 12.46% and 3.42% respectively. Therefore, we also take a more flexible approach considering fiscal consolidation programmes that last at least a specific number of years (i.e. 1 year, 2 years, 3 years and 4) over the 5-year window periods.
The results of this alternative procedure are summarized in Tables 3-4, again using both the Baxter-King and growth de-trending methods respectively to measure business cycle synchronization. Over the 5-year window periods considered, 78.55%
(25.09%) of unilateral (synchronized) fiscal consolidation episodes lasted at least 1 year and 51.74% (6.05%) had a length of at least 3 years.
The results corroborate the previous findings: fiscal consolidation programmes seem to have a positive effect on the synchronization of business cycles, especially when adopted by both countries. This impact is stronger when a low threshold is set for the minimum duration of the fiscal consolidation episode (say, at least 1 year or at least 2 years). Put differently, the higher the likelihood of a fiscal consolidation programme being implemented, the more synchronized the business cycles between two countries will be.
We also find: (i) weak evidence of decoupling when an inflation targeting regime is adopted unilaterally; (ii) an increase in business cycle synchronization when both countries fix the exchange rates vis-à-vis each other; (iii) a rise in the synchronization of business cycles when countries are members of a monetary union;
and (iv) a positive effect of bilateral trade on business cycle synchronization.
[ INSERT TABLE 4 HERE. ]
Fiscal stimulus programmes
We now examine the effects of fiscal stimulus programmes on business cycle synchronization. We consider unilateral adjustment episodes (Stim(1)) that last exactly 1 year, 2 years, 3 years and 4 years 4 and synchronized adjustment episodes (Stim(2)) that last exactly 1 year and 2 years (i.e. the maximum duration of such type of synchronized events) over the 5-year window period. In our sample, the percentage of unilateral fiscal stimuli episodes lasting exactly 1 or 3 year is 53.39% and 4.63% respectively. The likelihood of synchronized fiscal stimulus episodes is much lower: the percentage of those lasting exactly 1 year and 2 years was 9.74% and 0.35% respectively.
We estimate our baseline model (2) with and without control variables (i.e. the bilateral trade and the log distance); Tables 5 and 6 summarize the main results using the two measures of business cycle synchronization. As in the case of fiscal consolidation programmes, the empirical findings suggest that unilateral fiscal stimulus episodes (Cons(1)) of short duration have a weakly significant impact on business cycle synchronization and lead to some decoupling, but no statistically significant effect is uncovered for longer programs. As for fiscal stimulus packages adopted by both countries, the results show that they increase significantly the synchronization of business cycles, especially in the case of programmes with longer duration (i.e. 2-year fiscal stimulus episodes).
Moreover, we find that when one country adopts inflation targeting (IT(1)), there is a fall in business cycle synchronization. By contrast, when both countries do so (IT(2)), the results do not support the existence of a statistically significant impact on business cycle synchronization. Further, it appears that while the adoption of a fixed exchange rate by a single country (Fix(1)) does not affect the synchronization of business cycles, when both countries fix their exchange rates (Fix(2)), business cycles become more synchronized.
Regarding the effects of membership of a monetary union, both MU(1) and MU(2) are found to be statistically significant and positively related with business cycle synchronization, with the effects being particularly large when both countries are members. Finally, the results confirm the role played by bilateral trade in increasing the correlation of the cyclical component of economic activity across countries, but 4 There is no record of fiscal stimuli programmes with a 5-year length.
geographical distance does not appear to have a significant impact on business cycle synchronization (Agnello and Sousa (2013a) also show that higher public deficit volatility is magnified in countries with a high degree of openness).
[ INSERT We also investigate the effect of fiscal stimulus programmes on business cycle synchronization using a more flexible approach that considers adjustment programmes with a minimum duration of 1 year and 2 years: 77.03% (10.09%) of unilateral [ INSERT 
Conclusions
In this paper, we analyse the empirical relationship between fiscal adjustments and business cycle synchronization. Using annual data for a panel of 20 industrialized countries, we find that fiscal adjustments that are unilaterally implemented have no significant impact on business cycle synchronization. By contrast, fiscal consolidation (stimulus) measures that are adopted by countries at the same time (i.e. synchronized fiscal consolidation/stimulus programmes) lead to a closer co-movement of business cycles, especially when fiscal adjustments last for 2 or 3 years. We estimate that Table 7 : Fiscal stimuli and business cycle synchronization -Baxter-King detrending (minimum duration).
minimum duration of fiscal consolidation episodes within the 5-year window periods at least 1 year at least 2 years at least 3 years at least 4 years 
